A BUS CONTROLLI NG METHOD AND EQUI.PMENT USI NG THE METHOD BACKGROUND OF
THE I NVENTION Field of the Invention - The present invention rel ates
to a bus controlling method and equipnent. More particularly, in a case
where a plurality of devices are accessed through a common bus, the
present invention relates to a nethod flor controlling a bus cycle for
each device and to equi pnent using the nethod. Description of the

Rel ated Arts A variety of data processing equi pnment such as PCs
usually have m croprocessors which centrally control the entire
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BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a bus controlling method
and equipment. More particularly, in a case where a plurality
of devices are accessed through a common bus, the present
invention relates to a method for controlling a bus cycle for

each device and to equipment using the method.

Description of the Related Arts

Avariety of data processing equipment such as PCs usually
have microprocessors which centrally control the entire
equipment. A microprocéssor is connected to a variety of
memories and I/0 devices through buses such as a local bus and
a system bus. In recent microprocessors, a cache memory and
a circuit regarding a communication function are often
installed. However, for memories other than a cache memory of
I1/0 devices, microprocessors access them by performing an
ordinary bus cycle.

Fig. 4 is a timing chart of a bus cycle described on page
125 of "Hitachi single chip RISC microcomputers SH7032, SH7034,
HD6417032, HD6477034, and HD6437034 hardware manuals (third

edition)” . In this figure, CK denotes an operation clock of



I nstall ed. However, for nenories other than a cache nmenory or 1/0O devices,
m croprocessors access them by performng an ordinary bus cycle.

‘Fig. 4 is atinmng chart of a bus cycle described on page 125 of "Hitach
single chip RI SC m croconputers SH17032, SH7034, HD6417032, HD6477034, and
HD6437034 hardware manuals (third editdon)” In this figure, CK denotes
an operation clock of 2 t he

m croconputer, and A21~0 are addresses for addressing external devices.
*CSn represents a chip select asserted when an nth space (hereafter sinply

call ed addfiessmspaseofipubr, adeide ¥R SPACLSe PaktirbsgBed ot Gadiddialg ty of
spaces is accessed, and *RD is a read command which is active on a | ow
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t he signal s active on a lo 4, one

period of the E{loglf)a%}é Iamerqe taeJrenstmttpOly called address space n) of

address spaces partitioned i.nto a plurality of spaces 1is
accessed, and *RD is a read command which is active on a low
signal level. AD15~0 mean data. Hereafter, a signal prefixed
with * means the signal which is active on a low signal level.

In Fig. 4, one period of the clock CK is equivalent to
each state Tl, or T2. If the configuration is as simple as
possible, each device is assigned to each address space n on
a one to one basis, and the address space n becomes an exclusive
space for the device. fTherefore, each device has a connection
with one chip select *CS.

One of the characteristics of the microcomputer in Fig.
4 is that it can change an assertion timing of a read command
*RD. As shown in the figure, if RDDTY = 0, the assertion timing
is set to be slightly later, while it is set to be slightly
earlier if RDDTY = 1. The signal RDDTY can respectively be set
for each address space n. According to the manual description,
an access time to an external device can be set long by setting
RDDTY = 1.

For the microcomputer described above, the assertion
timing of the read command can respectively be set for each

device to be accessed. This is a technique which takes an access



each state T1, or T2. If the configuration is as sinple as possible, each
_device is assigned to each address space n on a one to one basis, and the
address space n becomes an exclusive space for the device. Therefore, each
devi ce has a connection wth one chip select *CS. One of the
characteristics of the mcroconputer in3Fig. 4 is that it can change an
assertion timng of a read command *RD. As shown in the figure, if RDDTY =
O, the assertion timng is set to be slightly later, while it is set to be
slightly wearlier if RDDTY = 1. The signal RDDTY can respectively be set
for each addmessospadenicéAccardi sgnkodbbatmsaual description, an access
tinme to an external device can be set long by setting RDDTY = 1.

For the m croconpytese @esell REMq ARV, t&ﬂ§n§§5£é<§alﬂi‘ing bl FhHgoh ot hee T ead
command can respectively be set for each evice to be accessed. This is a

techni que %isﬁgnteﬁlfesaﬁno%%%%%s disable time of a device should be3

considered in some cases. An output disable time is the time
from negation timing of a read command to the device to a timing
when a data buffer of the device actually becomes OFF so that
an output from that device completely floats. If this output
disable time is long and the next bus cycle is a write cycle,
for example, a conflict occurs on the bus between the output
from the device and a write data. This leads to an increased
power consumption and a lower long term reliability of the
device. Even when the next bus cycle is a read cycle, outputs
from two devices may conflict. Thepossibilityofdataconflict
will be lowered if a read command is negated earlier. However,
for an ordinary IC, the lowermost output disable time is set
to fall within O~several ns in the standard. Therefore, it is
possible for read data to float before the data is taken in.
It is generally risky to design a read command to be negated
early. Therefore, design with consideration of the output
disable time can be very troublesome in some cases.

In the case of the microcomputer shown in Fig. 4, an
inactive time of a read command can be extended by making RDDTY
= 0. For this reason, if the read cycle is repeated, output

timing of read data from a device shifts later, and the



tinme to a device into consideration. On the ot her hand, when tim ngs
regarding a bus cycle are designed, an output disable tinme of a device
shoul d be considered in sone cases. An output disable tine is the tine
fromnegation timng of a read command to the device to a timng when a
data buffer of the device actually beco#es OFF so that an output fromthat
device conpletely floats. If this output disable tine is |ong and the next
bus cycle is a wite cycle, for exanple, a conflict occurs on the bus
between the output fromthe device and a wite data. This |leads to an

i ncreased ppegebitongunptiaan @ bidovetwkengtHedataadridbehdtdatef froe
devi ce. Even when the next bus cycle is a read cycle, outputs fromtwo

devices may gedftéGirevihigs PPSdidddy i@f 1dabaeaonfldwdvem lilr Rewkovered if
a read command is negated earlier. However, for an ordinary IC, the

| ower nost t di.sable.t] [ t o fall wthi ~seve in.the
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is taken in. .It is generally risky to design a read command to be negated
early. ThéV8i8FE: design with consideration of the output disable tine
can be very troubl esone in sonme cases. In the case of the

m croconputer shown in Fig. 4, an

SUMMARY OF THE INVENTION

The present invention is created from consideration of
the problem described above. The object of the present
invention is to provide a bus controlling method and equipment
for a plurality of devices with different output disable tines,
which prevents data conflicts from occurring while avoiding
performance degradation. Another object of the present
invention is to automatically perform such control using
pre-set parameters or the like. Still another object of the
present invention is to provide a bus controlling method and
equipment which enables easier design of external circuits.
1. Régarding a bus controlling method

A principle to solve the problem described above is, for
controlling a bus cycle BC,, to refer to the immediately
preceding bus cycle BC,,. In other words, based on a
characteristic of a device accessed in BC,.,, for example, an
output disable time thereof, activation of BC, is delayed if
necessary after the end of BC,_,. Here, "devices'" means general

targets to be accessed.



I nactive tinme of a read command can be extended by maki Rg RDDTY = 0. For
this reason, if the read cycle is repeated, output timng of read data
froma device shifts later, and the possibility of data
conflict between the data and read data from a device previously selected
is lowered. However, if a wite cycle dbnmes after a read cycle, a data

conflict can not be avoided. SUMVARY OF THE | NVENTI ON The
present invention is created from consideration of the problem described
above. The object of the present invention is to provide a bus

control li ng nmet hothapdobgueinEnebhe pirdio raa pt Waal bhé godkredewi tdeshavptre séinftf er ent
out put disable tines, which prevents data conflicts fromoccurring while
avoi ding perionPRRse Sefadabligneycl &nfero0hjsepbr FOEmER S PRSP se

to the immediately preceding bus cycle. One method to delay

a bus cycle activation is to insert an idle state.

In one aspect of the present invention, a characteristic
of a device to be accessed in BC,, is specified by referring
to:

a. an address being output when each device is allocated in
an exclusive address space, and

b. the number of wait cycles in the current bus cycle or the
like.

According to the present invention, activation of BC, is delayed
only when it is necessary. Therefore, a data conflict can be
avoided without 1leading to unnecessary degradation of
processing performance. When the output disable time is
considered as a characteristic of a device, the device with a
long output disable time is often a low speed device. Therefore,
when the present invention is implemented, a low speed device
may be specified. This method has high practicality, although
it is simple.

In another aspect of the present invention, if the device
having output data in BC;,, is also the device to output data
in BC,, BC; is activated without delay. This is because no

conflict occurs when data are output from the same single device.



invention is to automatically perform such control using pre-set
parameters or the like. Still another object of the present invention is
to provide a bus controlling nmethod and equi pnent which enabl es easier
design of external circuits. 1. Regarding a bus controlling method

A pr|n0|ple to solve the probl em descri®ed above is, for controlling a bus
cycle B err], to refer to the immedi ately precedlng bus cycle B(err].
I n ot her mords, based on a characteristic of a device accessed in
BC[err], for exanple, an output disable time thereof, activation of

B err] isDdeliageekerd imnpeassaty iafdtlarde henbodopfo@Sieer Jand Hbeelikelevi ces”
nmeans general targets to be accessed.
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i nvention, since a bus cycle control is perforned in response to the
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activation is to insert an idl

will not be delayed unnecessarily.
2. Regarding bus controlling equipment

The present invention comprises setting means for setting
a parameter related to an output disable time of a device to
be accessed, and bus controlling means for insert.ing an idle
state after a current bus cycle in response to an output disable
time of a device being accessed in the current bus cycle, based
on the parameter set by the setting means. The "parameter
related to the output disable time™ is meant to include all
parameters to judge or estimate not only the output disable time
itself but also whether the output disable time is long or short.

With this configuration, the effect same as 1 described
above can be realized for equipment. A work load for designing
a circuit outside the equipment is also reduced, since this
equipment considers output disable times by itself.

One aspect of the present invention comprises judging
means for judging whether or not a device to output data in a
current bus cycle is also a device to output data in the following
bus cycle, and prohibition means for prohibiting insertion of
the idle state after the current bus cycle if the devices are

judged to be the same. As described in 1 above, no data conflict



I n” one aspect of the present invention, a characteristic of a device to be
accessed in B(err] is specified by referring to: a. an address being
"out put when each device is allocated in an exclusive address space, and

b. the nunber of wait cycles in the curyent bus cycle or the |ike.
According to the present invention, activation of Berr] is delayed only
when it is necessary. Therefore, a data conflict can be avoided w thout

| eadi ng to unnecessary degradati on of processing performance. When t he
output disable tine is considered as a characteristic of a device, the
devi ce wi tHFET SHGFUPPELINS dBrcet PHRI AV SPBRE pEEHFEVI REtPUthHEREor €,
when the present invention is inplenented, a | ow speed device nay be

speci fi ed.Umtgcesga o dlelay shivgh Ipbacevoabetybyatahoughsuch dases ripite.

I n anot her aspect of the present invention, if the device having output
data in BGetisidéesatalao. the device to output data in BC(Jerr] B(err] is
activated without delay. This is because no conflict occurs when data are
output fromthe sanme single device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a circuit configuration diagram of a
microcomputer using a bus controlling equipment related to an
embodiment of the présent invention.

Fig. 2 is a diagram showing an internal configuration of
a bus controlling unit of the embodiment.

Fig. 3 shows a timing chart example when an external
device is accessed by the microcomputer of the embodiment.

Fig. 4 is a timing chart of a bus cycle described on page
125 of "Hitachi single chip RISC microcomputers SH7032, SH7034,
HD6417032, HD6477034, and HD6437034 hardware manual (third

edition)"”

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereafter, a preferred embodiment of the present
inventionwill be explained referring to accompanying drawings.
[1] Configuration

Fig. 1 1s a «circuit configuration diagram of a
microcomputer using a bus controlling device related to an

embodiment of the present invention. In this figure, a



Device here is meant to include a mcroprocessor and the like. Therefore,
according to this aspect, when a mcroprocessor carries out a witing
‘operation continuously to a device, BCG wll not be del ayed unnecessarily.
2. Regarding bus controlling equi pnment The present invention
conprises setting neans for setting a8paraneter related to an output
disable tinme of a device to be accessed, and bus controlling neans for
inserting an idle state after a current bus cycle in response to an out put
disable time of a device being accessed in the current bus cycle, based
on the papaweksisose? dpndthe geid thg deandogibeot pamaordeompukeéatlednto t he

out put disable tine" is neant to include all paraneters to judge or
estimate REhHteRhY e AHibwe dhsd CotpiBer | t SRld Ptdcdd SO Wehhsr ahhe
out put disable tinme is long or short. Wth this configuration, the

effect sammAs.k 49566k0Rd: 2BV 1ANAReL SUl& B -s RUPTRRpuch 1Tk

| oad for designing

read command RDi, a write command WRi and STARTi which shows
a start timing of a bus cycle, all of which are active when the
signal level is high, and temporarily supplies these signals
to a bus controlling unit 4. The bus controlling unit 4 refers
to the address A by itself, and outputs the address as it is
to an external device. As for the data Di, the bus controlling
unit 4 serves as a data transceiver and connects to data D which
is an external data bus. Signals with suffix "i" added to their
names mean internal signals of the microcomputer 1.

Based on the address A, the bus controlling unit 4
generates chip select signals *CSl1l, *CS2, through *CSn for a
first device 6, a second device 8, through an nth device 10,
all of which are external-devices.. Here, an exclusive address
space is meant to be allocated for each device such as
the first device 6 : 1000h ~ 1FFFh
the second device 8 : 2000h ~ 2FFFh
the nth device 10 : n0OOOh ~ nFFFh.

Therefore, if the address A shows "1234h" for example, 1t can
be specified as an access to the first device 6.
When the bus controlling unit 4 judges that an output

disable time of the device being accessed in the current bus



a circuit outside the equipnent is also reduced, since this equipnent
considers output disable tinmes by itself. One aspect of the present
invention conprises judging nmeans for judgi ng whether or not a device to
output data in a current bus cycle isnggso a device to output data in the
following bus cycle, and prohibition ns for prohibiting insertion of
the idle state after the current bus cycle if the devices are judged to be
the sane. As described in 1 above, no data conflict

7 occurs when one and the sanme device_continuously outputs data.
Unnecessar yc¥el aps: visl 1ope dvol fieelr by anakd by sfadle kasesen fhe bus cycle
consi derati on. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a

circuit cor¢gamatthentdl lagriarg bfis ayaliecBOgGonplinethaisragent kododanendl, | i ng

equi pnrent related to an enbodi nent of the present invention.
the processor 2 is not involved in generation of such idle states.
If a bus cycle is being executed within the processor 2, the
processor 2 will activate the following bus cycle at the
earliest timing. On the other hand, the bus controlling unit
4 delays activation of a bus cycle for the external devices when
an.idle state should be inserted. Therefore, a bus cycle may
be being executed within the processor 2, although the processor
2 appears to be in an idle state when viewed from outside the
processor 2.

The bus controlling unit 4 latches a read command RDi,
a write command WRi, and a cycle start signal STARTi, all of
which are supplied from the processor 2. The bus controlling
unit 4 then respectively asserts the latched signals as signals
for the external devices *RD, *WR, and START, immediately after
the idle state is finished. During this process, a wait signal
WAITi is asserted by the processor 2 in order to suspend the
processor 2.

The first, second, and nth devices 6, 8, and 10 are
connected to the address A, a bus for the data D, *RD, *WR, START,
and corresponding chip selects *CS1l, *C$2, and *CSn. For the
first device 6 for example, 1f *CS1 and *RD are asserted together,

data corresponding to the address A at this time is read out.



Fig. 2 is a diagramshow ng an internal configuration of a bus controlling
unit of the enbodi nent. Fig. 3 shows a timng chart exanple when an
‘external device is accessed by the m croconputer of the enbodi nent.
Fig. 4 is atimng chart of a bus cycITOdescribed on page 125 of "Hitach
single chip RISC m croconputers SH7032;YSH7034, HD6417032, HD6477034, and
HD6437034 hardware manual (third edition)” DESCRI PTI ON OF THE PREFERRED
EVMBODI MENT Hereafter, a preferred enbodi nent of the present
invention wll be exghained referring to acconpanyi ng draw n

g

Conf i gur atWpp *CS1 ang; jR %Fei@§se§te€iF@EPFheEcnﬁi%ﬁ&ﬁ&t?%ﬁaggﬁ%mﬁégﬁ of a
m croconputer using a bus controlling device related to an enbodi nent of
the preserpro@eesei ¢his wrhttén orf pgdeegiceaspecified by the address A,
° The START signal may not necessarily be referred to, depending

on a device to be accessed.

Fig. 2 shows an internal configuration of the bus
controlling unit 4. In Fig. 2, RDi, WRi, and STARTi are input
into a timing control unit 20. An idle signal IDLEi which will
be described later is also input into the timing control unit
20. When this signal is negated, *RD, *WR, and START are
asserted by the devices outside the microcomputer 1.

Firsf, second, and nth comparators 21, 22, and 2n take
the address A in, and respectively compare this address to
exclusive addresses 1lxxxh, 2xxxh, and nxxxh for the first,
second and the nth devices 6, 8, and 10. When they coincide
with each other, coincidenée signals CS1i, CS2i, and CSni are
asserted, and input into a positive logic input terminal of NAND
gates 51, 52, and 5n.

First, second, nth wait registers 31, 32, and 3n
(respectively expressed as "first W", "second W", and "nth W"
in Fig. 2) store wait numbers to be inserted upon access to the
first, second, and nth devices 6, 8, and 10. The wait numbers
are set by data writing to these registers. A wait selector

60 (expressed as "W selector" in Fig. 2) is supplied with the

coincidence signals and outputs from the first, second, and nth



processor 2 constitutes the core logic of a mcroconputer 1 and controls
the entire mcroconputer. The processor 2 has an address Al and data D .
Mor eover, the processor 2 outputs a read conmand RDi, a wite command WR
and STARTi which shows a start timng 3& a bus cycle, all of which are
active when the signal level is high, d tenporarily supplies these
signals to a bus controlling unit 4. The bus controlling unit 4 refers to
the address A by itself, and outputs the address as it is to an external

device. As far..the .data Di e hus_controllin uni, serves as, a data
transcei ver w%ﬁ ‘Cofinec rssD%’ égt’ aar}ﬁ??i\ﬂi ch°5h %x%%’]e‘i't éltfﬁ%hdlaf aSphstedsi gnal s
with suffix "i" added to their nanes nean internal signals of the

m cr oconput &fe1walt numbeg correspolingiipdhe devife, dtatc it ot PRERULNI t 4
generates chip select signals *CS1, *CS2, through *CSn for a first device

6, a second fdewW eke & irshrvubh ragisthrdbliisesaiected pndfoulituthtaraewakt er nal
devi ces. Here, an exclusive address space is neant to be allocated for
each devi cetdoelr &8 (ekpréssed aeViweifmer™"1000Rig.1FFFh ThHeh@asecoimdedevi ce
8 2000h ~ 2FFFh the nth device 10 nOOGCh ~ nFFFh. Therefore, if the
address A sliawseéd?3dbert dngahampd et sign8AWAITI over the number of clock

periods corresponding to the input wait number, and suspends

cycle advancement in the processor 2. To keep the processor

2 from advancing to the next bus cycle while an idle state is

being inserted, the wait timer 62 keeps asserting WAITi while

the idle signal IDLEi which will be described later is being

asserted.

On the other hand, first, second, and nth output disable

time registers 41, 42, and 4n (expressed as "first D", "second

D" and "nth D" in Fig. 2) store parameters regarding the output

disable time of the first, second, and nth devices 6, 8, and

10. These parameters caﬁ be set using software. When a maximum

output disable time T, is adopted as the parameter, T,..{(ns)

can be specified in 4 ways as follows, if the output disable

time registers respectively have 2 bits:

when T,,, can be regarded as T4, = 0 ..."00" (default)
when 10 < T,., < 29 ns ..."01"

when 30 < T,. < 49 ns . .."1on

when 50 < T, ....."11".

An idle selector 64 (expressed as "I selector" in Fig.



be 'specified as an access to the first device 6. When t he bus
controlling unit 4 judges that an out put di sable tinme of the device being
‘accessed in the current bus 9 cycle
BC[err] is long, it inserts an idle state between the bus cycle B(err]
and the follow ng bus cycle B(err]. } t hepresent enbodi nent, the
processor 2 is not involved in generation of such idle states. |If a bus
cycle is being executed within the processor 2, the processor 2 wll
activate the following bus cycle at the earliest timng. On the other

hand, the DusscenPPéirdngithi thescobnaidenet i Siaiaks Gnda BEPUEFcIfECRor t he
external devices when an idle state should be inserted. Therefore, a bus
cycl e may thee flieisty executdedawdt hth dheppt cdessore & ined tdeauight etrdse 4fi, ocessor
2 appears to be in an idle state when viewed fromoutside the processor 2.

The bus cortrelinld 28 YRkekedrkatchgssa egRUegOMMBNECAEE) . FoM keken@aenyand
WR, and a cycle start signal STARTi, all of
when CS1i is being asserted, output from the first output
disable time register 41 is selected and output to an idle timer
66 (expressed as "I timer" in Fig. 2). Based on the T,., code,
the idle timer 66 first calculates the number of clock periods
which can cover the output disable time. If the bus clock
frequency is 20 MHz, 1 idle state is equivalent to 50 ns.
Therefore, the number of clock periods is calculated as follows,
based on 4 T4, codes described above:

If the T4. code is "00", then 0 clock period.

If the T4., code is “01" or "10", then 1 clock period.

If the Tu., code is "11%, then 2 clock periods.

\IfthenmximmnoutputdisabletimeexceedsSOINL in other
words, if the Ty, code is "11", the exact number of clock periods
is not known. However, 100 ns is generally sufficient, and the
number of clock periods is fixed to 2 here.

The idle timer 66 then keeps asserting a signal IDLEiO
over this number of clock periods. Tomakeéssertionactivation
of IDLEiO standby until the current bus cycle ends, the idle
timer 66 refers to WAITi, and keeps itself from advancing while

WAITi is being asserted. IDLEiLiO is input to a positive logic

input terminal of an AND gate 70.



whi‘ch are supplied fromthe processor 2. The bus controlling wunit 4 then
respectively asserts the latched signals as signals for the external
‘devices *RD, *WR, and START, imrediately after the idle state is finished.
During this process, a wait signal WAl il} is asserted by the processor 2 in
order to suspend the processor 2. The first, second, and nth
devices 6, 8, and 10 are connected to the address A a bus for the data D,
*RD, *WR, START, and corresponding chip selects *CSl, *CS2, and *CSn. For
the firstdevice 6forexanple, if *CS1 and *RD are asserted toget hef{:.. dat a
correspondi ng t oPrhdddgdrask AluEULhi &8t [ewPiessrhd DUt mask circui
10 When *CS1 and *WR are asserted together, a wite data fromthe
processor 2n §igrilt énkes bn dMi,cERspeI¥i eGSBY , t ded &8dndss Phe IThasBTART
signal may not necessarily be referred to, depending on a device to be
accessed. circultFi @et&ctsons saatiential Nahi€@nbhguraald atheof sie BYsice
consecutively drives the data bus for two bus cycles, and
asserts an IMASK signal. This is because when one and the sane
device uses a data bus, data conflict can not exist in that case.
Concrete assertion conditions of the IMASK signal are as
follows:
when WRi is consecutively asserted in two bus cycles.
when RDi1 is consecutively assexrted in two bus cycles, and
the corresponding coincide signals CS1i or the like are the same
in the two bus cycles.
The former corresponds to the case where the processor
2 consecutively drives the data bus , while the latter is the
case where the same external device consecutively drives the
data bus. The IMASK signal is input into a negative logic
terminal of the AND gate 70, while an idle signal IDLEi which
is an output from the AND gate 70 is input into negative logic
terminals of NAND gates 51, 52, and 5n as well as into the timing
control unit 20.
A transceiver 72 connects buses data Di and data D. The
IDLEL signal is input into an enable terminal *EN of the

transceiver 72. As long as IDLEL 1is being negated, the

transceiver 72 is in an enable state. The RDL signal is input



controlling unit 4. In Fig. 2, RDi, WR, and STARTi are input into a
timng control unit 20. An idle signal IDLEi which will be described |ater
is also input into the timng control unit 20. Wen this signal is
negated, *RD, *WR, and START are assergﬁd by the devices outside the

m croconputer 1. First, second, d nth conparators 21, 22, and 2n
take the address A in, and respectively conpare this address to exclusive
addresses | xxxh, 2xxxh, and nxxxh for the first, second and the nth
devices 6, 8, and 10. \Wen they coincide wth each other, coincidence

si gnal s CSiptoapidatandi vsntien BIRasarg gsdlonghasi Hput sibrinhapssrtede | ogic

input termnal of NAND gates 51, 52, and 5n. First, second, nth
wai t regi sdets 84,4132 ctaddf Bom the espetdevial gheximesdediaotifer woris,
"second W, and "nth W in Fig. 2) store wait nunbers to be inserted upon

access to tdhea o iisSbutpeeond, dared miih devices 6, 8, and 10. The wait
nunber s are set by data witing to these registers. A wait sel ector 60

S gnal o and dut POES=FESm the firat., second. and nth o corneraence
' Fig. 3 is a timing chart when an external device is
accessed by the microcomputer 1. Numbers Tl through T15 are
to show the clock period which serves as a reference of a bus
operation. In Fig. 3, the following 3 bus cycles are depicted:

BC,...data read (1000h) from the first device 6.

BC,...data write (1004h) to the first device 6.

BC,...data write (2000h) to the second device 8.

Regarding the first device 6, the number of the idle
states is "2", while the number of wait states is "3". For the
second device 8, the number of wait states is "2".

(1) BC,

The processor 2 activates the first bus cycle BC, at the
beginning of Tl. STARTi is asserted at the beginning of Ti,
and START is asserted by the.external device via the timing
control unit 20. "1000h" appears on the address A, and *CSl
is asserted, since CS1i is asserted by the first comparator 21.
*RD is also asserted in response to the assertion of RDi. The
first device 6 starts driving the data D in the middle of the

period Tl when *RD and *CS1 are both asserted. However, since

an access time 1s long, an efficlent read data RDATA appears



wai't registers 31, 32, and3n. For exanple, ifCSli is asserted, the wait
nunber corresponding to the device, that is, an output fromthe first wait
rTegister 31 is selected and output to a wait tiner 62 (expressed as "W
timer" in Fig. 2). The wait timer 62 kgeps asserting the wait signal WAITI
over the number of clock periods corresponding to the input wait nunber,
and suspends cycle advancenent in the processor 2. To keep the processor

2 fromadvancing to the next bus cycle while an idle state is being

| DLE  whi ol e ‘GRedt bed AT § bl 1y habsebreated f BE BTG her
hand, first, second, and nth output disable tine reqgisters 41, 42, and 4n
(expr essed CEEPSERLERT DY 2 g dbide Brakhg shehepart tIgfleg.daf')a Dy yprears
paranmeters regarding the output disable time of the first, second, and nth
devi ces 6, 08, thaddate. DThebélpatBReter betna desertading software. Wiena
maxi mum output disable tinme T[err] is adopted as the paraneter, T[err](ns)
can be specifi edFobléwiaystlas dsaidravion bt ¢dei puhpuhudbsaldfwaits “3*

having been stored in the first wait register 31 is selected

by the wait selector 60 and sent to the wait timer 62. WAITi

is kept asserted by the wait timer 62 over 3 clock periods, and

the count of wait is decreased by 1 at the end of each clock

period. BC, ends at the end of the period T4 when the number

of wait becomes 0. However, since the output disable time of

the first device 6 is long, output of the read data on data D

continues until near T6.

As for the idle state, following the assertion of CSi1i,

the number of idle states "2" having been stored in the first

output disable register 41 is selected by the idle selector 64

and sent to the idle timer 66. The idle timer 66 keeps asserting

IDLEL for 2 clock periods following the clock period in which

WAITL is negated.

(2) BGC

The processor 2 confirms that WAITi is negated at the end
of T4, and starts the next bus cycle BC, by asserting STARTi
at T5. However, since IDLEiLi is being asserted at this time,

an idle state is inserted for the external bus. The idle state

I corresponds to T5 and T6. During these periods, the



time registers respectively have 2 bits: when T[err] can be regarded

as T[err] =0 ... "00" (default) when 10 < T[err] <29 ns ... "01"
‘when 30 < T[err] < 49 ns ..."10" when 50 < T[err] ..."11". An
idl e selector 64 (expressed as "I seleféor" in Fig.

12 2) is supplied wth the coincidence signals and outputs.from the

first, second, and nth output disable tinme registers 41, 42, and 4n
(hereafter, also called T[err] codes) . For exanple, when CS1li is being

asserted, ,output fromthe first output . disable ti eqgi ste IS

ol oot od ATFTBASAIES 02at o0 £FAep cds ik Estaind S eftath pher . o)
. Based on the T[err] code, the idle tiner 66 first calcul ates the nunber
of clock peRadddedrhi 88 2aheebier 2neenitbtl in snided hetyeen WE186s cl ock

frequency is 20 MHz, 1 idle state is equivalent to 50 ns. Therefore,
t henunber afatd AT ifads theapcokasedrag &dppéawsng on the data Di and

the read data RDATA from the first device 6 still remaining on
the data D.

While IDLEi is being asserted, assertion of *WR and START
is kept on standby in the timing control unit 20, and assertion
of *CS1 is kept on standby at the NAND gate 51. These signals
are asserted by the external devices in T7 when IDLEi is negated.
While IDLEi is being asserted, count-down of the wait timer 62
is also suspended, and WAITi is kept asserted. The wait timer
62 starts the count-down after IDLEi is negated, and keeps
asserting WAITi over 3 clock periods. The cycle ends in T10.
Therefore, the processor 2 itself activates the bus cycle in
TS5, while the bus cycle is activated in T7 when viewed from the
outside of the microcomputer. The number of waits is 3 for the
bus cycle, while the number of waits for the processor is 5.
(3) .BC,

Since WRi is consecutively asserted in BC, ana BC;, the.
idle mas_k circuit 68 asserts IMASK signal. As a result, IDLEi
which is an output from the AND gate 70 is negated, and BC3
becomes an ordinary bus cycle before which no idle state was
inserted. BC, ends in T13 according to the number of waist "2"

having been set in the second wait register 32. T14 is a natural



based on 4 T[err] codes descri bed above: If the T[err] code is "00",
then O cl ock period. If the T[err] code is "01" or "10", then 1

‘cl ock peri od. If the T[err] code is "11", then 2 cl ock periods.

I f the maxi mum out put disable tinme excggds 50 ns, in other words, if the
T[err] code is "11", the exact nunber of clock periods is not known.
However, 100 ns is generally sufficient, and the nunber of clock periods
is fixed to 2 here. The idle timer 66 then keeps asserting a signal

I DLEi O oveg) & hits tRUpReEn of calrClpet hedse 1 TOy Ik Budssgrid 98 @tfisdtdon  of
| DLEI O standby until the current bus cycle ends, the’idle tiner 66 refers

to WAITi, e i advancing while WAITi is being-asserted.
IDLEIi O is ?g€%¥gtg§%.%%§+%?%épﬁ%gic i nput term nal of an AND gate 70.

%? t akes i nArI%D: d}kcgw”?&}éﬁ: ,rt%gtipggsa‘%ﬁé( i%ﬁ‘?r?egTE%S'Igrﬁgg%k gli)(r)ggit"daéan flo
conflicts can be avoided without unnecessary degradation of
performance, since an idle state is only inserted when necessary.
A designer of an external circuit will no longer be hampered
by design regarding the output disable time.

[3] Modifications

Regarding the present embodiment, modifications such as
those shown below are possible.

(1) The processor 2 and the bus controlling unit 4 are
meant to be installed in the single microcomputer 1 here.
However, they can of course be separated in different
configurations. In that case, the present invention can be
applied as an external circuit of a known m;croprocessor.

(2} Tgaxr Which is the maximum output disable time, is
considered as the parameter stored in the first output disable
time register 41 or the 1ike. However, a desired number of idle
states itself may be used as the parameter. In that case, since
the register has 2 bits, an idle state number of 0 to 3 can be
specified, for exaﬁple.

{3) The idle state number may be estimated using the wait
number. Since a low speed device with a larger number of waits

generally has longer output disable time, it is possible to



circuit detects a state in which one and the sane device consecutively
drives the data bus for two bus cycles, and asserts an | MASK signal. This
1s because when one and the sane device uses a data bus, data conflict can
not exist in that case. Concrete assefrgion conditions of the | MASK signal
are as follows: when WRi is consecutively asserted in two bus

cycl es. when RDi is consecutively asserted in tw bus cycles, and

t he correspondi ng coincide signals CSli or the like are the sane in the

two bus cyghes the idieTBBatOr FEILEO] NASHO L ithe adze wheeedshe,
processor 2 consecutively drives the data bus , while the latter is the

wh h i i vel i . Th
CWRSK o1 orar B PRER FEECLATL AGKREP ERMSEANIIYE Yofls¥Eholdl KiEtRaReS, TN
while an idle signal | DLE] ich. is.an outggt from.the AND %ate 70 is

i nput i nt Ga5&gat FU8 FboFert vamiths $16F tNAREPYLt@LSahle §3me nGI8RtEL wel |
as into the timng control unit 20. A transceiver 72 connects buses
data Di arfd ¢at &hp. like is D nsiogsslanys amgut ti wi bl e evdifiic itegytniteal *EN
of the transceiver 72. As long as IDLEi is being negated, the
have a table or the like to store a relationship between the
output from the first wait register 31 or the like and the idle
state number to be inserted.
(4) In the present embodiment, output disable time has
been explained. It is of course possible, however, to delay
afollowingbuscyclestartdependingcnladevicecharacteristic_
other than the output disable time. For example, if one device
is read once and a recovery time is necessary before the next
read, a recovery time may be set instead of the output disable
time of the present embodiment.
While there has been described what is at present
considered to be a preferred embodiment of the invention, it
- will be understood that various modifications can be made
thereto, and it is intended that the appended claims cover all

such modifications as fall within the true spirit and scope of

the invention.



transceiver 72 is in an enable state. The RD signal is input

14 Into an data direction DIR, and as long as RDI is being asserted,
data is directed fromthe outside to the inside, in other words, data Dis
output to data Di. [2] Operation - 1gFig. 3 is a timng chart when an

external device is accessed by the microconputer -—Numbers—TI through T15
are to show the clock period which serves as a reference ﬁ eena%iﬁaced

operation. In Fig. 3, the following 3 bus cycles ar T
B err] r )idromthe first device 6. Bum .data
wite (1002@% f% #}?(g@ evice 6. BC3. .. h) to

da
t he second device 8. Regarding the first device 6, the nunber of the
idle states is "2", while the nunber of wait states is "3". For the
second device 8, the nunmber of wait states is "2". (1) B([err]

1. A bus controlling method which delays activation of a bus
cycle following a current bus cycle by considering a
characteristic of a device being accessed in the current bus

cycle,

2. The bus cycle controlling rnethod according to Claim 1 which
delays the following'r bus cycle start by inserting an idle state

after the current bus cycle.

3. The bus cycle controlling method according to Claim 1 or 2
which specifies the characteristic of the device being accessed
in the current bus cycle by an address currently being output,

when each device is allocated in an exclusive address space.

4. The bus cycle controlling method according to Claim 1 or 2
which specifies the characteristic of the device being accessed
in the current bus cycle based on a number of waits in the current

bus cycle.

5. The bus cycle controlling method according to any one of the
Claims 1 to 4 which activates the following bus cycle without

delay when a device to output data in the current bus cycle and
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The processor 2 activates the first bus cycle B(err] at the beginning of
T1l. STARTi is asserted at the beginning of Tl, and START is asserted by
the external device via the timng control unit 20. "1000h" appears on the
address A, and *CS1 is asserted, sincg CSli is asserted by the first
conparator 21. *RD is also asserted in response to the assertion of RD .
The first device 6 starts driving the data Din the mddle of the period
Tl when *RD and *CS1. are both asserted. However, since an access tine is

long, an ‘Ef&éGiEﬁtt%%@f{pQPé AaROAA ARPEY1S owing bus cycleBare one and

15 in T4 on t Since IDLEI 1s not asserted 1n err
transcelvgh 72_1S in the enable state, and the data D appears on the dat a

D while 5 |sm§é|ng assert ed. Fol l owi ng the assertion of CSli, the
nunber of waits "3" having been stored in the first wait register 31 is
selected by the wait selector 60 and sent to the wait tinmer 62. WAITi is

kept asserted by the wait tinmer 62 over 3 clock periods, and
6. The bus cycle controlling method according to any one of the

Claims 1 to 5 wherein the characteristic is an output disable

time.

7. Bus controlling equipment which comprises:

setting means for setting a parameter related to an output
disable time of a device to be accessed, and

controlling means for insertiné an idle state after a
current bus cycle, in response to an output disable time of a
device being accessed in the current bus cycle, based on the

parameter set by the setting means.

8. The bus controlling equipment according to Claim 7 which
further comprises:
judging means for judging .whether or not a device to
output data in the current bus cycle and a device to output data
in the following bus cycle are one and the same, and
prohibition means for prohibiting insertion of the idle

state after the current bus cycle if the devices are judged to

be one and the same. \\\\
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the count of wait is decreased by 1 at the end of each clock period.

B err] ends at the end of the period T4 when the nunber of wait becones
0. However, since the output disable tine of the first device 6 is |ong,
output of the read data on data D contgpues until near T6. As for
the idle state, followng the assertion of CSli, the nunber of idle states

12" having been, sl oz dcd e Llitbn RithPHAuFbRAR: S0d AW Shilf Mich sel ect ed

by the idle e timer 66. The idle tiner 66
keeps asseniHqdigpdOlfF r eriods follow ng the clock period in
whi ch MAV#E 'S negate&h@ F%f%g%ﬁ6 The processor 2 confirns that
WAITi is negated t he end rts the nex bus Bl err]
by asserting STAIQ’?‘th TSpPest tlgfo%ﬁégn rs?% &Irﬂ_él 13 CB’@ g 52%51589& this
time, an idle state is inserted for the external bus. The idle state

cor r espondd1eqes e Yahe crgsidend idaga epRERLGRr ildaan outRyt disable time
16
of a device is long. A bus controlling unit is installed in

a processor. In thebus controllingunit, parameters regarding
output disable times of external devices such as a first device
are utilised. When a device with a long output disable time
is read in a bus cycle, an idle state is forcibly inserted before

a following bus cycle activation to avoid a data conflict.

FIGURE 1

I atal



transceiver 72 is also disabled, and the data D and data Di are separated.
As a result, a conflict is avoided between wite data WDATA fromthe
processor 2 appearing on the data DI and the read data RDATA fromthe
first device 6 still remaining on the data D. Wiile IDLEi is being
asserted, assertion of *WR and START is kept on standby in the timng
control unit 20, and assertion of *CSl.i,§ kept on standby at the NAND gate
51. These signals are asserted by the &%?ernal devices in T7 when IDLE is
negated. While IDLE is being asserted, count-down of the wait tinmer 62

I s al so suspended, and WAITi is kept asserted. The wait tiner 62 starts
the count-down after IDLEI is negated, and keeps asserting WAI Ti over 3

cl ock periods. The cycle ends in,T10 Theru£ore processor 2 itself

activates the bus cycle in T5 dni 1 ¢ k) cycle activated in T7 when
viewed fromthe outside of the nicrpco ef. The nukber of waits is 3 for
the bus cycle, while the nunber |of—wal-ts—fof—t+he PFoagss 14 5 (3)
.B([ err] Since WRi is congecu y apSerred i éﬁ and B(err],
the idle mask circuit 68 assertq | MASK [si E§ DLEi
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ordi nary bus cycle before which no idle state was

in T13 according to the nunber of wai'st

32. T14 is a natural

n 2"

havi ng been set

whi ¢h is an output fromthe AND gate 70 is negated, and BC3 becones an

inserted. B(err] ends
in the second

17

wait register
idle state which occurs when no follow ng bus cycle is requested wthin
the processor 2. According to thezepbodi nent described above, data
conflicts can be avoided w thout unnecessary degradation of perfornmance,
since an idle stat ?_I s only inserted when necessary. A designer@f an
.external circuit no | onger be Qanpered gby design regarding 4he out put

di sabl e tine. CD di ficat@gpns @) Regmdl ng the present enbpdi nment ,
nmodi fi cati ons las t hoselxhown el ow ar € possi bl e. 1)y The
processor 2 andkt*lﬂibut cont#ol | i ngkunit 4 ake neant to be nx;taﬁ bd i n
the single mcrch)erut*r A hdr e. c »l ez 5
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However, they can of course be separated in different configurations. In
that case, the present invention can be applied as an external circuit of
a known m croprocessor. (2) T[err], which is the nmaxi num out put
disable-tine, is considered as the paraneter stored in the first output
disable time register 41 or the |like. However, a desired nunber of idle
states itself may be used as the paranmeter. In that case, since the
register has 2 bits, an idle state nunber of 0 to 3 can be specified, for
exanpl e. (3) The idle state Adfber may be estimated using the wait
nunber. Since a | ow speed device with a |arger nunber of waits generally
has | onger output disable tine, it is possible to

18 allowthe idle state to be 1 when the wait nunber exceeds 4, and 2
when the wait nunber exceeds 10, for exanple. In that case, the circuit
for the first output disable tinme register 41 or the like is not

necessary, and;Et"mk++“be"su++kckenk"tﬁ --------------------------------------
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have'a table or the like to store a relationship between the output from
the first wait register 31 or the like and the idle state nunber to be

i nsert ed. (4) I'n the present enbodi nent, output disable tinme has
been explained. It is of course possible, however, to delay a follow ng
bus cycle start depending on a device characteristic other than the out put
di sable tine. For exanple, if one device4qs4s read once and a recovery tine
i s necessary before the next read, a recovery tine may be set instead of

the output disable tinme of the present enbodi nent. Wil e there has
been described what is at present considered to be a preferred enbodi nent
of the invention, it wll be understood that various nodifications can be
made thereto, and it is intended that the appended clains cover all such

nodi fications as fall within the true spirit and scope of the invention.
20
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Wiat is clainmed is:- 1. A bus controlling nethod which specifies
the <characteristic of the device being accessed in the ’reﬁ%~bgs~e~eke—
based on a nunber of waits in the current bus cycle. ) LﬁﬂérbuﬁTd&ﬁib
controlling nethod according to aim 1 which activates {hg folromnng bus
cycle without delay when a device to output data in the ¢u Alyr,lssamﬁcl e
and a device to output data in the fol Lbewi ng bus cycle afe one dt

sarne. 3. The bus cycle controlling nethod according t ry—ere—of—tte
Claims 1 to 2 wherein the characteristic is an output digable time. 4.
Bus control Iyme: e preitedMisch conpri ses: setting néans 1O0r SECtTTY

paraneter related to an output disable tinme of a device to be accessed,
and

1. A bus controlling method which specifies the
characteristic of the device being accessed in the
current bus cycle based on a number of waits in the

current bus cycle.

2. The bus cycle controlling method according to Claim
1 which activates the following bus cycle without delay
when a device to output data in the current bus cycle and
a device to output data in the following bus_cycle are

one and the same.

3. The bus cycle controlling method according to any
one of the Claims 1 to 2 wherein the characteristic is an

output disable time.

4. Bus controlling equipment which comprises:
setting means for setting a parameter related to an
output disable time of a device to be accessed, and
controlling means for inserting an idle state after
a current -bus cycle, in response to an output disable
time of a device being accessed in the current bus cycle,

based on the parameter set by the setting means.

) B G363 3 g
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conmtrolling neans for inserting an idle state after a current bus cycl e,
I n response to an output disable tine of a device being
current bus cycle, based on the paraneter set by the s
21 5. The bus controlling equipnment according to Clalnfﬂ mnlcn
further conprises; j udgi ng nmeans for judgi ng whet hgr |

to output data in the current bus cyclg and a device t ‘
the foll owi ng bus cycle are one and the sane, and FE4ve
for prohibiting insertion of the idle state after the qurrent bus cycle f

the devices are judged to be one and the sane. 6. BUS controtting
equi pnent whi ch conpri ses:
5. The bus controlling equipment according to Claim 4

which further comprises:

judging means for judging whether or not a device to
output data in the current bus cycle and a device to
output data in the following bus cycle are one and the
same, and

prohibition means for prohibiting insertion of the
idle state after the current bus cycle if the devices are

judged to be one and the same.
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setting portion for setting a paraneter related to an_out put disable time

of a device to be accessed, and control ler for insgediRguan ey

state after a current bus cycle, in response to an out

a device being accessed in the current _bus cycle, basé
set by the setting neans. 7. The bus controlling ed
Claim4 which further conprises: 21 j udgi ng porti or

or not a device to output data in the current bus cycl

Py

bd jon t he par anef e
uil przdtF & 2600di hg
flor judgi ng whet

e and a device to

of

to
her

output data in the follow ng bus cycle are one and the

sape,  and

prohi bition portion for prohibiting insertion of the idle state after the

current bus cycle if the devices are judged to be one

and the sane.

5. The bus controlling equipment according to Claim 4

which further comprises;

judging means for judging whether or not a device to

output data in the current bus cycle and a device to
output data in the following bus cycle are one and the

same, and
prohibition means for prohibiting insertion of the
idle state after the current bus cycle if the devices are

judged to be one and the same.

6. Bus controlling equipment which comprises:
setting portion for setting a parameter related to
an output disable time of a device to be accessed, and
controller for inserting an idle state after a
current bus cycle, in response to an output disable time
of a device being accessed in the current bus cycle,

based on the parameter set by the setting means.

7. The bus controlling equipment according to Claim 4
which further comprises:

judging portion for judging whether or not a device
to output data in the current bus cycle and a device to
output data in the following bus cycle are one and the
same, and prohibition portion for prohibiting insertion
of the idle state after the current bus cycle if the

devices are judged to be one and the same.
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